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Abstract
Background—Acid reflux can elicit non-
cardiac chest pain (NCCP), possibly
through altered visceral sensory or auto-
nomic function. The interactions between
symptoms, autonomic function, and acid
exposure are poorly understood.
Aim—To examine autonomic function in
NCCP patients during exposure to
oesophageal acid infusion.
Subjects and methods—Autonomic activ-
ity was assessed using power spectral
analysis of heart rate variability
(PSHRV), before and during oesophageal
acidification (0.1 N HCl), in 28 NCCP
patients (40.5 (10) years; 13 females) and
in 10 matched healthy controls. Measured
PSHRV indices included high frequency
(HF) (0.15–0.5 Hz) and low frequency (LF)
(0.06–0.15 Hz) power to assess vagal and
sympathetic activity, respectively.
Results—A total of 19/28 patients had
angina-like symptoms elicited by acid.
There were no significant manometric
changes observed in either acid sensitive
or insensitive patients. Acid sensitive
patients had a higher baseline heart rate
(82.9 (3.1) v 66.7 (3.5) beats/min; p<0.005)
and lower baseline vagal activity (HF nor-
malised area: 31.1 (1.9)% v 38.9 (2.3)%; p<
0.03) than acid insensitive patients. Dur-
ing acid infusion, vagal cardiac outflow
increased (p<0.03) in acid sensitive but
not in acid insensitive patients.
Conclusions—Patients with angina-like
pain during acid infusion have decreased
resting vagal activity. The symptoms elic-
ited by perception of acid are further
associated with a simultaneous increase in
vagal activity in keeping with a vagally
mediated pseudoaVective response.
(Gut 2001;49:706–712)
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Disturbances in visceral neural function may
contribute to the pathophysiology of functional
disorders, including non-cardiac chest pain
(NCCP). NCCP patients experience symp-
toms that are indistinguishable from angina1

and often require invasive tests to identify the
source of the pain. Sensory events occurring in
the gastrointestinal tract can also alter cardio-
vascular function.2 In animals, oesophageal,
gastric, and colonic distension alter heart rate

and arterial pressure.3–5 These eVects are
primarily mediated through vagal and sympa-
thetic pathways.

Gastro-oesophageal reflux disease (GORD)
is the most common oesophageal aetiology of
NCCP.6 While most GORD patients have evi-
dence of oesophagitis, up to 40% with
reflux-like symptoms have no evidence of
mucosal damage at endoscopy and no evidence
of pathological acid reflux during pH monitor-
ing.7 These patients are called “acid sensitive”
and may respond to therapies aimed at inhibit-
ing acid secretion.8 Many mechanisms have
been proposed to explain the symptoms seen in
acid sensitive NCCP patients.9 10 These include
sensitisation of specific sensory aVerent neu-
rones acting as chemoceptive, mechanoceptive,
and/or nociceptive receptors, or modulation of
the response at the level of the spinal dorsal
root.11

In recent years there has been increasing evi-
dence to suggest that the autonomic nervous
system may modulate visceral sensory percep-
tion.12 Sympathetically mediated mechanisms
are implicated in several chronic pain syn-
dromes.13 In addition, there is substantial
animal and human data supporting a vagally
mediated modulation of visceral nociceptive
sensory inputs.14 15 The possibility that such
mechanisms may be involved in NCCP is yet to
be determined. There is no sensitive or specific
technique currently available to examine
oesophageal autonomic input. Assessing vis-
ceral autonomic function can be diYcult in
humans.

The oesophagus and heart share a very simi-
lar innervation. While direct measurements of
heart rate and arterial pressure provide some
index of autonomic outflow, there are now
methods that can provide a more accurate
assessment of the balance between sympathetic
and vagal activity. One of these approaches
examines heart rate variability using power
spectral analysis of beat to beat heart rate vari-
ability (PSHRV). This technique has been
extensively studied and validated to provide an
objective assessment of the autonomic outflow
to the heart,16 including responses to visceral
stimuli such as mechanical distention and elec-
trical stimulation.17

The aim of our study was to investigate
whether there is a diVerence in autonomic
regulatory mechanisms in NCCP patients. In
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addition, we hypothesised that acid sensitive
patients who experience chest pain with acid
reflux will have reflex changes in autonomic
outflow in association with perception of the
noxious stimulus.

Subjects and methods
PATIENTS

We studied 28 consecutive patients (40.5
(10.2) years; 13 women, 15 men) referred to
the Gastrointestinal Investigation Unit, Mc-
Master University Medical Centre for
oesophageal motility testing as part of their
evaluation for recurrent NCCP. All had a prior
negative cardiac workup, independently done
by cardiologists who were not involved in the
present study. Inclusion criteria in the study
were based on at least one of the three follow-
ing investigations: a negative maximal exercise
stress test (26 subjects), a negative stress
thallium scan (18 patients), or a normal coron-
ary angiogram (11 patients). Pathological
reflux was excluded in all patients through a
routine 24 hour pH study (<4.5% of study with
pH <4.0). If acid reflux was associated with
either heartburn or NCCP on the 24 hour pH
study, patients were treated with a proton
pump inhibitor.

After an overnight fast, patients presented to
the gastrointestinal investigation unit. Patients
had been required to discontinue acid sup-
pressing medications (omeprazole five days
prior to the study, histamine receptor antago-
nists three days prior to the study, and
prokinetic agents 24 hours before test). Antac-
ids were stopped at midnight the evening
before. Patients were also asked to abstain from
alcohol and tobacco after 10 pm the night
before. Medications required for other medical
conditions were continued but drugs with a
known anticholinergic activity were withheld
for 24 hours prior to testing. Patients receiving
â adrenergic blocking drugs were excluded.
Ten healthy volunteers (seven men, three
women) without any prior history of either
gastro-oesophageal or cardiac complaints were
also investigated in a similar fashion. The study
was conducted in full agreement with the prin-
ciples of the declaration of Helsinki (1977)
regarding ethical standards for clinical studies
in medicine. The McMaster University Medi-
cal Centre Research Advisory Group approved
the experimental protocol. Written informed
consent was obtained from all participants
prior to the study.

OESOPHAGEAL MANOMETRY

A six lumen catheter (diameter 4.7 mm; Dent-
Sleeve Pty Ltd, Belair, Australia) was inserted
and the 6 cm Dent sleeve positioned astride the
lower oesophageal sphincter. The four proxi-
mal side holes were positioned 3, 8, 13, and 18
cm proximal to the lower oesophageal sphinc-
ter and the most distal channel, distal to the
sleeve, was in the stomach. Each channel was
continuously perfused with distilled water (0.5
ml/min) using a low compliance pneumohy-
draulic capillary infusion pump (Mui Scien-
tific, Mississauga, Ontario, Canada). Pressures
were amplified, digitised, and recorded using a

computerised multichannel system (SmartLab
Motility System, Model TDS-SGM, Sandhill
Scientific Incorporated, Littleton, Colorado,
USA). Contractions in the oesophageal body
were measured using 10 swallows of 5 ml of
water given at intervals of 30 seconds.
Measured indices of oesophageal motility
included basal lower oesophageal pressure
(mm Hg), lower oesophageal sphincter relaxa-
tion with swallowing (%), wave amplitude (mm
Hg), wave velocity (cm/s), and peak velocity
(cm/s). These indices were measured using
commercially available software (SmartGraph;
Sandhill Scientific Incorporated, Littleton,
Colorado, USA).

ASSESSMENT OF ACID SENSITIVITY

Following standard oesophageal manometry
and wet swallows, oesophageal acid sensitivity
was assessed. Using a blinded crossover design,
either 0.1 N HCl or normal saline was admin-
istered into the distal oesophagus (5 cm above
the lower oesophageal sphincter; rate 10
ml/minute) for 10 minutes or until chest pain
occurred, using a variable pressure volumetric
intravenous pump (IVAC, Model 560MEE;
IVAC Corporation, San Diego, California,
USA). If acid perfusion reproduced the pain
for which the patient was being investigated
(and not just heartburn), the individual was
classified as acid sensitive and asked to rate the
pain on a visual analogue scale. Maximum pain
was rated as 10 and minimal discomfort as 1.
Subjects were considered acid insensitive if
they had no symptoms during acid infusion.

PROTOCOL

All studies were conducted in a quiet labora-
tory, the subjects resting supine with a 60°
elevation of the head of the bed. A standard
oesophageal manometric study was first per-
formed using the techniques and parameters
previously described. The acid perfusion test
was then performed. The test was stopped if
the subject experienced severe pain during acid
infusion but was continued for the full 10 min-
utes if symptoms were felt to be tolerable by the
subject. An electrocardiogram (ECG) was
recorded continuously throughout the study
and for 20 minutes after the end of acid
perfusion. PSHRV was subsequently per-
formed using the algorithms and protocols
described below.

POWER SPECTRAL ANALYSIS OF HEART RATE

VARIABILITY

A continuous ECG was recorded from three
leads placed in the standard limb lead II posi-
tion. Through an ECG amplifier (Hewlett-
Packard, Model 7807C), the signal was then
digitised using a 12 bit analogue to digital con-
verter (DATAQ Instruments, Akron, Ohio,
USA) and recorded on a Pentium-90 MHz
computer (Dell Dimension XPS90; Dell Com-
puter Corporation, Austin, Texas, USA) with a
500 Hz sampling frequency. The ECG record-
ing obtained could then be digitally played
back (Windaq/EX; DATAQ Instruments Inc.)
for analysis. Separate recordings were made
during the baseline period and during
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oesophageal acidification, and for 20 minutes
after the end of acid infusion.

Data were analysed using a peak detection
algorithm identifying the R wave of the QRS
complexes after all motion artefacts were
edited. A QRS detection algorithm was imple-
mented in the software to locate a stable and
noise independent fiducial point on the R
wave. Following QRS detection, a RR interval
series was formed from the continuous ECG
data. A beat to beat heart rate variability signal
was then computed, and the data re-sampled at
2 Hz using linear interpolation to obtain an
equally sampled time series. A record length of
256 points from the re-sampled signal (128
seconds) was used for power spectral analysis.
The mean value of the signal was subtracted
and the equally sampled heart rate variability
signals were fed through a second order high
pass Butterworth filter with a cutoV of 0.02 Hz.
A ninth order autoregressive model was then
applied to the demeaned filtered heart rate
variability data. The computational details of
the algorithm for estimating the autoregressive
parameters have been previously described.16–19

The following indices were computed to char-
acterise the information contained in the power
spectrum: maximum power contained in the
LF (low frequency 0.02–0.15 Hz) and HF
(high frequency 0.15–0.5 Hz) bands of the
power spectrum. The area subtended by each
spectral band was computed by numerically
integrating the power therein contained. In
addition, the normalised areas under both LF
and HF bands were derived by dividing the
integrative power within each band by the total
power contained in the entire spectrum. The
LF/HF ratio was expressed as the ratio of these
normalised areas by computing a ratio of the
percentage power contained in the low fre-
quency band to that in the high frequency band
(LF/HF ratio). Mean heart rate, LF/HF power
ratio, individual LF and HF area power (beats/
min)2, and normalised area were individually
measured from all subjects for all experimental
conditions.

STATISTICS

All manometric and heart rate variability data
were subjected to standard t test and paired t
test analysis when appropriate. One way analy-
sis of variance (in order to determine univariate
diVerences between acid sensitive and acid
insensitive patients) and repeated measures of
analysis of variance (in order to determine any
diVerences between the three phases of the

test) were also used. A stepwise discriminate
analysis using power spectral indices and
oesophageal motility parameters was used to
develop models to predict the outcome of the
acid challenge. Linear association between
variables was assessed by a Pearson product
moment correlation. Statistical significance
was set at p<0.05. Statistics were performed
using the SAS computer software package. All
data are expressed as mean (SEM).

Results
SYMPTOMS AND MANOMETRIC DATA DURING

ACID INFUSION

During oesophageal acid infusion, 19/28
(68%) patients experienced chest pain (±
heartburn) and were thus classified as acid
sensitive. This group (n=19; eight women, 11
men) tolerated an average of 29.8 (5.2) ml of

Table 1 Comparison of oesophageal manometry data obtained from acid sensitive and
insensitive patients

Manometric parameter Acid insensitive Acid sensitive

LOS pressure (mm Hg) 13.16 ( 3.19) 13.32 (1.64)
% Relaxation 85.18 (4.88) 84.61 (3.05)
Distal oesophagus (mm Hg) (3 cm above LOS) 36.67 (8.31) 50.42 (5.60)
Oesophageal body 1 (mm Hg) (8 cm above LOS) 46.67 (10.05) 57.00 (5.70)
Oesophageal body 2 (mm Hg) (13 cm above LOS) 61.44 (13.74) 65.89 (7.71)
Proximal oesophagus (mm Hg) (18 cm above LOS) 46.55 (13.66) 55.84 (6.99)
Velocity (cm/s) 2.62 (0.32) 3.20 (0.14)
Peak velocity (cm/s) 2.24 (0.42) 2.27 (0.14)

No significant diVerences between the two groups for any parameter.
Data are mean (SEM).
LOS, lower oesophageal sphincter.

Figure 1 Mean heart rate in acid sensitive and acid
insensitive patients with non-cardiac chest pain, recorded
before (baseline) and during (acid) oesophageal acid
perfusion. Data are mean (SEM).
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acid before experiencing symptoms. This com-
pared with >100 ml of acid without symptoms
in acid insensitive individuals and control sub-
jects (p<0.05). On average, they rated their
pain as 6.2 (0.3) on a scale ranging from 0 to
10. Nine patients (n=9; four women, five men)
did not experience any symptoms during acid
infusion (total of 100 ml) and were thus identi-
fied as acid insensitive. None of the control
subjects had any symptoms during acid infu-
sion.

Patients comprising the acid sensitive group
were significantly older than acid insensitive
patients (48 (1.1) v 37.0 (2.4) years; p<0.005).
There was no diVerence in the oesophageal
motility parameters between acid sensitive and
acid insensitive patients either at baseline or
during oesophageal acid infusion (table 1).
There was no association between symptoms
and distinct manometric abnormalities in any
of the acid sensitive patients.

BASELINE HEART RATE AND HEART RATE

VARIABILITY DATA

There were substantial diVerences in baseline
measures of resting heart rate and heart rate
variability. Prior to acid infusion, acid sensitive
patients had a higher resting heart rate (82.9
(3.1) beats/min) than acid insensitive patients
(66.7 (3.5) beats/min) and healthy controls
(p<0.005) (fig 1). Healthy controls had a rest-
ing heart rate of 63.1 (2.0) beats/min (p<0.005
v acid sensitive patients, NS v acid insensitive
patients). Acid infusion did not alter heart rate
in NCCP patients or in healthy controls (fig 1).
There was no correlation between age and
resting heart rate.

Figure 2 (A, B) shows an example of baseline
power spectrum and of the typical shift towards
a higher vagal response (HF) during acid infu-
sion in an acid sensitive patient. Prior to acid
infusion, there was a trend towards enhanced
sympathetic modulation in acid sensitive pa-
tients (7258 (210) v 6715 (301) (beats/min)2 in
acid insensitive individuals) but these values
did not reach statistical significance (fig 3A).
However, prior to acid infusion, acid sensitive
patients had significantly (p<0.04) lower base-
line cardiovagal modulation (HF area) of heart

rate variability compared with acid insensitive
patients (fig 3B). Prior to acid infusion, mean
absolute HF power in the acid sensitive group
was 3351 (246) v 4317 (336) (beats/min)2 in
acid insensitive patients (p<0.04). Expressed in
normalised units (% of the total AUC),
baseline HF area was significantly less than that
of acid insensitive patients (31.1 (1.9)% v 38.9
(2.3)%; p < 0.03). Consequently, the baseline
LF/HF power ratio was much greater in acid
sensitive patients than in acid insensitive
patients (2.49 (0.25) v 1.63 (0.13); p<0.01)
(fig 4).

Healthy controls had comparable baseline
values to acid insensitive patients for all
parameters examined, including resting heart
rate and power spectral variables (fig 5 (A, B)).

We repeated the study in healthy controls,
including oesophageal acid infusion and nor-
mal saline administration, on two diVerent days
using an identical protocol to assess day to day
reproducibility. We found that the heart rate
and cardioautonomic responses to oesophageal
acidification were nearly identical on these two
days (fig 5A, B)).

Figure 3 (A) Absolute low frequency (LF) power area at baseline and during oesophageal acid perfusion in acid sensitive
and insensitive patients with non-cardiac chest pain. (B) Absolute high frequency (HF) power area at baseline and during
oesophageal acid perfusion in acid sensitive and acid insensitive patients with non-cardiac chest pain. Data are mean
(SEM).
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HEART RATE AND HEART RATE VARIABILITY

DURING ACID INFUSION

During acid perfusion, several distinct changes
were noted in acid sensitive but not in acid
insensitive patients or in healthy controls.
While heart rate did not change significantly
throughout the experiment in any of the groups
studied (fig 1), there was a significant increase
in the vagally modulated HF area in acid sensi-
tive patients (fig 3B). This increase in the
vagally modulated HF area was not observed
either in acid insensitive patients (fig 3B) or in
healthy controls (fig 5A). These changes were
not due to regression towards the mean in acid
sensitive patients as the HF area returned to its
baseline levels in the period immediately
following cessation of the acid infusion (3351
(246) (beats/min)2 at baseline, 3853 (258)
(beats/min)2 during acid infusion, and 3443
(261) (beats/min)2 following the end of acid
infusion).

During acid infusion, we did not observe a
significant change in the absolute LF area
either in acid sensitive or insensitive patients,
although there was a trend towards a higher LF
area in acid sensitive patients (fig 3A).

In the acid sensitive group, the LF/HF area
ratio decreased significantly from 2.49 (0.25)
to 2.03 (0.16) (p<0.02, fig 4) during acid infu-
sion but subsequently returned to baseline lev-
els (2.4 (0.1)) within 20 minutes following
oesophageal acidification. This was primarily
due to the eVect of acid infusion on the vagal
eVerent modulation of heart rate variability as
opposed to a change in sympathetic activity.

In healthy controls, neither acid nor normal
saline infusion into the oesophagus produced
any measurable changes in heart rate or
PSHRV parameters (fig 5A, B). None of the
healthy controls experienced any symptoms
during acid infusion.

Discussion
In the present study, oesophageal acid infusion
increased vagal modulation of heart rate
variability in acid sensitive NCCP patients, as
evidenced by the significant increase in high
frequency power. This cardiac vagal response

was only present in patients that experienced
symptoms and was not observed in acid insen-
sitive patients or in healthy controls. This is
consistent with an ability to mount a vagal
inhibitory response independent of alterations
in sympathetic activity in acid sensitive NCCP
patients. Oesophageal acid infusion produced
chest pain in 2/3 patients, supporting the
notion that angina-like chest pain can be the
result of enhanced oesophageal perception of
acid.20 Acid perfusion had no eVect on heart
rate and did not cause dysrhythmia. To the best
of our knowledge, this is the first evidence of a
vagally mediated cardiac reflex response during
oesophageal acidification in patients with
NCCP.

We have previously shown that electrical or
mechanical oesophageal stimulation also in-
creases reflex vagal eVerent activity.17 21 22 The
same stimuli also elicit reproducible cerebral
evoked responses.23 We have reported similar
cerebral evoked responses and increased vagal
eVerent activity with direct electrostimulation
of the left cervical vagus.23 24

Of interest, NCCP patients who were acid
sensitive demonstrated suppressed vagal tone
under resting baseline conditions. This im-
paired balance appears to be associated with a
heightened awareness of viscerosensory per-
ception in the absence of any demonstrable
abnormality of oesophageal motility. However,
this does not per se exclude the possibility that
acid sensitive patients may have heightened
sympathetic activity as well, insofar as the
power contained within the LF band under
supine conditions includes both vagal and
sympathetic input.16

Although the acid sensitive group was
younger than the acid insensitive group, the
altered autonomic balance during acid infusion
was unlikely to be a direct eVect of this diVer-
ence. We have independent evidence that in
healthy volunteers within the age range of our
study population, there are no substantial
diVerences in power spectral indices.25 26

Abnormal vagal function has previously
been reported in some patients with pathologi-
cal acid reflux27 28 but the changes reported

Figure 5 (A) Mean heart rate in matched healthy controls at baseline and during either normal saline or acid perfusion.
The protocol was repeated on two days, alternating the order of acid and saline perfusion. Data are mean (SEM). (B) Low
frequency/high frequency (LF/HF) area ratio in healthy controls at baseline and during either normal saline or acid
perfusion. None of the healthy controls reported symptoms.
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were primarily correlated with altered motility
and not with symptoms per se. In addition,
patients investigated in those studies had docu-
mented pathological acid reflux while our
study population had only “physiological”
occurrences of acid reflux and not GORD, as
assessed by prior 24 hour pHmetry. The
increased vagal activity noted during acid infu-
sion is not unique as we have reported the same
with mechanical and electrical oesophageal
stimulation.17 We believe that the increased
vagal activity elicited by oesophageal stimuli,
whether electrical, mechanical, or by acid
administration, constitutes a pseudoaVective
response associated with perception of the
oesophageal stimulus, in keeping with the
original concepts proposed by Woodsworth
and Sherrington.29 However, this vagal reflex
response occurs with painful as well as
non-painful stimuli, provided these are suY-
ciently intense to be perceived. This suggests
that under certain circumstances, non-noxious
stimuli can elicit a reflex response akin to the
pseudoaVective response elicited by a painful
stimulus. This brings into question the specifi-
city of pseudoaVective responses to nociceptive
stimuli.30 We would instead propose that the
awareness of a potentially noxious visceral
stimulus, even if its intensity has not yet
become painful, is suYcient to elicit a pseudo-
aVective response. However, only stimuli of a
potentially noxious nature (such as acid or dis-
tension), that are suYciently intense enough to
be perceived, appear to elicit the cardiac vago-
eVerent response we describe.

Whether the reflex is due to prior sensitisa-
tion of the oesophageal sensory pathways can-
not be ascertained in the present study.
However, Mehta and colleagues31 have shown
oesophageal sensitisation to mechanical stimu-
lation following prior perfusion with hydro-
chloric acid in NCCP patients and a lowered
threshold for pain induced by balloon disten-
sion after acid perfusion. There may be a simi-
lar mechanism involved in acid sensitive
patients.

Could there be a causal relationship between
the altered sympathovagal activity we observed
in acid sensitive patients and the symptoms
induced by oesophageal acid perfusion? There
is substantial evidence to support the concept
of sympathetic modulation of visceral percep-
tion although the mechanisms are poorly
understood.32 Chronic inflammation or even a
prior inflammatory mucosal insult may be
important factors in conditions such as sympa-
thetically mediated pain and reflex sympathetic
dystrophy.33 While primarily associated with
somatic pain, these entities have also been
implicated in visceral pain syndromes.34 This
possibility deserves further investigations, such
as pharmacological manipulations, in NCCP
patients. It could be that previous mucosal acid
injury elicits alteration in oesophageal sensory
neurones or abnormal sensory processing at
the level of the spine in susceptible patients.
These alterations would in turn produce the
altered visceral perception (pain) we observed
in acid sensitive NCCP patients. However,
these mechanisms fail to adequately explain the

decreased vagal activity that is observed in
addition to the trend towards increased sympa-
thetic modulation seen in acid sensitive pa-
tients prior to acid challenge.

Stress and anxiety are associated with an
increased sympathetic activity and decreased
vagal activity.35 Other functional disorders,
such as non-ulcer dyspepsia, have also been
associated with decreased vagal activity.35

There is substantial evidence to support a
vagoaVerent modulation of visceral nocicep-
tion.14 This vagoaVerent modulation is very
likely interacting with eVerent vagal activity
through central as well as peripheral loci,
including the periaqueductal gray, which is
essential to the coordinated behavioural and
autonomic response to visceral stimulus.36 As
the periaqueductal gray region has been found
to modulate the nociceptive response elicited at
the level of spinal aVerents, it may represent a
key site in the autonomic modulation of
visceral perception in patients with functional
symptoms.

Power spectral analysis of heart rate variabil-
ity requires steady state conditions. To meet
these standards an assumption is made that
during oesophageal acid infusion there is little
or no eVect on cardiovascular stationarity.
Heart rates did not change for either acid sen-
sitive or acid insensitive groups throughout the
acid infusion period, nor did they for the con-
trol group. Moreover, all groups underwent
identical protocols including the same amount
of acid infusion over similar time intervals and
yet a significant shift in HF power was seen in
one group and not the other. Because the
groups began with diVerent baseline power
spectral values, the possibility of regression
towards the mean for the acid sensitive groups
has to be considered. This is unlikely in view of
the recovery data that clearly show a reversal of
the vagal eVect following discontinuation of the
infusion.

The present study cannot assess whether the
altered resting autonomic balance and the
increased vagal response to oesophageal acidi-
fication observed in acid sensitive NCCP
patients is unique to this group of patients.
Whether similar changes are observed in the
heterogeneous group of patients reporting
more common reflux symptoms such as heart-
burn remains to be determined. However,
patient selection will be paramount to ensure a
fairly homogeneous sample in terms of severity
of acid reflux and mucosal damage, among
others.

In conclusion, we have identified significant
diVerences in cardiac autonomic function
between acid sensitive and insensitive NCCP
patients. Acid sensitive subjects exhibit a
vagally mediated oesophagocardiac reflex al-
teration in heart rate variability during acid
associated symptoms which is not seen in those
without symptoms. Increased basal sympa-
thetic activity and/or decreased basal vagal tone
are underlying neural abnormalities associated
with oesophageal hypersensitivity to acid expo-
sure, possibly the consequence of longstanding
psychophysical factors associated with anxiety
and stress.
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